Introduction {#S0001}
============

Ureteropelvic junction obstruction (UPJO) is the most common cause of hydronephrosis in children.[@CIT0001] Despite extensive clinical and experimental studies over the past decades, fundamental issues regarding the evaluation and management of children with upper urinary tract obstruction remain unsolved.[@CIT0002] No reference standard is available to identify obstruction and degree of renal damage, and the diagnosis is usually achieved through repeating the various radiological investigations available.

The classic diagnostic tools for the investigation of children with upper tract renal obstruction include ultrasound scans, nuclear medicine assessments \[(dimercaptosuccinic acid) scan and technetium-99m (Tc-99m DMSA) mercaptoacetyltriglycine (MAG3) renal studies\], contrast studies such as voiding cystourethrogram (VCUG) and conventional markers of renal function (such as serum creatinine).[@CIT0003]

However, these tests are not always adequate predictors for disease progression, particularly for borderline cases. Nevertheless, radiological investigations expose the child to radiation and may necessitate an injection of radiocontrast or radioisotope materials, which may be potentially harmful. Conservative treatment also conveys its own risk of prolonged obstruction, eventually leading to a progressive loss of nephrons with renal tubular atrophy and interstitial fibrosis.[@CIT0004] This process is mediated through various cytokines, leading to apoptosis of tubular cells. In the process, these cells release biological markers in the urine. Thus, it is possible to evaluate the progress of kidney destruction by the means of a non-invasive study of urinary biomarkers for assessment and prediction of functional and structural changes of the kidney. Hence, the use of urinary biomarkers has been advocated, which could discriminate patients whose renal function will deteriorate from those who will spontaneously improve at an early stage, preventing unnecessary surgery.

Nowadays, there are several markers to evaluate kidney function. These markers are able to evaluate glomerulus filtration and tubule function. Those markers are creatinine, urea, cystatin, β-trace protein (BTP), Inulin, Iohexol, radioactive marker, proteinuria, etc. Unfortunately, all of these markers are detected when there is already destruction of the kidney. Some research efforts have focused on the discovery and validation of novel serum and urine biomarkers to detect renal injury prior to extensive structural damage.[@CIT0005]

Cytochrome c is best known as an indicator of cell death burden in any organ or tissue. It is released during mitochondrial damage that is associated with the processing of apoptosis, cell lysis during necrosis, and even reversible mitochondrial and cell injury.[@CIT0006] Cytochrome c is a protein with a size of 12.3 kDa. Cytochrome c contains a heme ring and is dissolved in the mitochondrial intermembrane fluid. Cytochrome c has various functions including a role in cell respiration, the process of apoptosis, ROS formation, destruction of ROS, and cardiolipin peroxidation. After leaving the mitochondria, cytochrome c will bind to Apaf-1, then form an apoptosome.[@CIT0007] This process is an initial part of apoptosis.

In the complicated molecular mechanism of apoptosis, cysteinyl aspartate-specific proteinases (caspases) have a key role, as they lead to the most of morphological and biochemical changes in cellular death. The mechanism of activation of caspases goes through two pathways; receptor-mediated death signaling (extrinsic signaling) or mitochondria regulated (intrinsic signaling). One of the key elements in renal apoptosis is caspase-3.[@CIT0008]

Due to their roles in apoptosis, cytochrome c and caspase-3 were expected to be detected even before renal injury occurred. This study aims to evaluate the role of urinary cytochrome c and caspase-3 as a novel biomarker of initial kidney destruction events in a UPJO model of Wistar rats.

Materials and Methods {#S0002}
=====================

Research on experimental animals must take into account the advantages and disadvantages of the number of experimental animals used. Too many animals can cause losses in the form of money, time and energy, and is unethical. However, too few animals can weaken the strength of research, and lead to no scientific conclusions. To get the number of animals needed in this study, the number of samples was calculated using the Federer formula. The Federer formula for sample size in animal study is \[(T-1)(N-1)\>15, where N: number of samples, T: number of groups\]; it was found that 25 male Wistar rats were sufficient to conduct this study. The study was done in June 2019. The rats aged 8 weeks and weighing 150--200 g were separated into 5 groups ([Figure 1](#F0001){ref-type="fig"}). All operations were performed under sterile conditions. The animals were anesthetized with 20mg/100g ketamine injection intramuscularly. The unilateral UPJO model was created in the left UPJ by using the method described by Boyarsky and Martinez.[@CIT0009] A median incision in the abdomen was made around 3 cm through the peritoneum to identify the UPJ. In the intervention group, a nylon 4.0 suture was inserted through the ureter (distally from the UPJ) into the kidney. The UPJ was then tied using silk 4.0, and then the nylon suture was pulled until it came off ([Figure 2](#F0002){ref-type="fig"}).Figure 1Research flow.Figure 2Unilateral UPJO model using Wistar rats. A indicates the left ureter.

Samples of urine were collected on day 4, 15, and 21 after the procedure in a sterile container to be analyzed for the level of cytochrome c and caspase-3. The samples were yielded by complete random sampling. The cytochrome c and caspase-3 were measured by using ELISA (Rat Cyt-C (cytochrome c) ELISA Kit Catalog No. E-EL-R0006 and Rat CASP3 (Caspase-3) ELISA Kit). Histological preparations were made from the rats' kidneys to assess the amount of normal glomerulus and tubulus from the intervention group.

All animal models used in this study were housed in a 100 cm^2^ cages, one for each rat. This study was conducted in Biochemical and Bioscience Laboratory, Brawijaya University Malang, and had been accepted for ethical clearance from the ethical committee. All study objects received treatments according to animal welfare guidelines according to William Russel and Rex Burch.[@CIT0010]

For statistical analysis, the samples were processed using SPSS version 20.0 in Windows. Values of *p*≤0.05 were considered statistically significant. Two-way repeated ANOVA (analysis of variants) statistical test was used to assess the level of cytochrome c and simple linear regression was used to assess the comparison amount of glomerulus and caspase-3.

Results {#S0003}
=======

The result of cytochrome c examination using the ELISA method showed that there were concentration differences between control, sham, and UPJO groups. Cytochrome c concentration was higher in the UPJO group compared to the control and sham group, as seen in [Table 1](#T0001){ref-type="table"}. There was also an increasing tendency in cytochrome c concentration in the UPJO group from day 0 to day 4; then, the concentration went relatively stable as seen in [Figure 3](#F0003){ref-type="fig"}.Table 1Comparison of Cytochrome c ConcentrationGroupnDay 4 (Range) (ng/mL)Day 15 (Range) (ng/mL)Day 21 (Range) (ng/mL)*p*-valueSham53.3309 (2.80--4.14)3.3309 (2.80--4.14)3.3309 (2.80--4.14)0.0001Control52.0870 (1.74--2.42)2.0870 (1.74--2.42)2.0870 (1.74--2.42)UPJO156.7506 (6.47--7.11)8.5356 (6.71--9.76)7.3792 (6.72--9.77)[^1] Figure 3Cytochrome c concentration pattern.

The result from the statistical analysis showed that there is a significant effect in the UPJO group on the concentration of cytochrome c in urine. The UPJO group has a significant increase in cytochrome c levels compared to the control group and the sham group (*p*\<0.05) ([Table 1](#T0001){ref-type="table"}). [Table 2](#T0002){ref-type="table"} shows the mean value of urine caspase-3 concentrations in the sham group, the control group, and the UPJO group on the 4th, 15th, and 21st days. The results showed that the concentration of caspase-3 in the UPJO group was higher than the control and sham group. In [Figure 4](#F0004){ref-type="fig"} the concentration of caspase-3 in the UPJO group has an upward trend between day 0 to day 4 then went relatively stable. The result from the statistical analysis showed that the UPJO group has a significant effect on the caspase-3 level. There was a significant increase in caspase-3 levels in the UPJO group compared to the control group and sham group (*p*\<0.05).Table 2Comparison of Caspase-3 ConcentrationGroupnDay 4 (Range) (ng/mL)Day 15 (Range) (ng/mL)Day 21 (Range) (ng/mL)*p*-valueSham54.19100 (3.446--5.251)4.19100 (3.446--5.251)4.19100 (3.446--5.251)0.0001Control54.58400 (3.875--4.924)4.58400 (3.875--4.924)4.58400 (3.875--4.924)UPJO513.88480 (4.790--19.150)13.31360 (6.006--19.150)13.59540 (6.960--19.150)[^2] Figure 4Caspase-3 concentration pattern.

The result of the count of the normal glomerulus and tubulus per low power field using a light microscope showed a decreasing trend in the UPJO group, as seen in [Figure 5](#F0005){ref-type="fig"}. The trend showed a gradual decrease from day 0 to days 4, 15, until 21. [Table 3](#T0003){ref-type="table"} shows that the glomerulus count in the UPJO group was lower than the control and sham group. Results from statistical analysis showed that the UPJO group has a significant effect on the normal glomerular count. The UPJO group has a significant decrease in normal glomerulus count compared to the control group and sham group (*p*\<0.05).Table 3Comparison of Glomerulus CountGroupnDay 4 (Range) (n)Day 15 (Range) (n)Day 21 (Range) (n)*p*-valueSham5151.60 (129--170)151.60 (129--170)151.60 (129--170)0.0001Control2161.00 (154--168)161.00 (154--168)161.00 (154--168)UPJO597.40 (85--114)58.60 (50--71)35.00 (23--48)[^3] Figure 5Glomerulus count pattern.

The relationships between normal glomerular count with caspase-3 concentration and cytochrome c in urine were analyzed using parametric linear regression analysis. Glomerulus count has a strong reversal correlation with cytochrome c concentration (*r*=−0.845; *p*=0.000) and caspase-3 (*r*=−0.730; *p*=0.000), while caspase-3 correlated strongly in the same direction with cytochrome c (*r*=0.740; *p*=0.000). The result showed there was a significant relationship between the decrease in glomerulus count with the concentration of cytochrome c and caspase-3 in the UPJO group ([Table 4](#T0004){ref-type="table"}).Table 4Pearson Correlation Between Residual Linear Regression Equation with Caspase-3 Levels and Urine Cytochrome Levels and Normal Glomerular AmountsCaspase-3Cytochrome cGlomerulusCaspase-3Pearson Correlation10.740−0.730*p*-value0.0000.000Cytochrome cPearson Correlation0.7401−0.845*p*-value0.0000.000GlomerulusPearson Correlation−0.730−0.8451*p*-value0.0000.000[^4]

Discussion {#S0004}
==========

Kidney damage that occurs in UPJO varies greatly: changes in tubular size, chronic tubulointerstitial damage, glomerulosclerosis, fibrosis, and in severe circumstances, renal dysplasia occurs. The decrease in the number of glomeruli also occurs as a result of nephrogenesis disruption and nephron damage that has formed through the process of apoptosis.[@CIT0011],[@CIT0013] Blockage in the kidney also causes tubular atrophy and tubular cell death, in which the main mechanism of cell death is apoptosis.[@CIT0001],[@CIT0011],[@CIT0013]

Cytochrome c is a small spherical protein involved in the electron transport chain of mitochondria.[@CIT0014],[@CIT0016] Its function is to facilitate energy production at the cellular level. It is now known that cytochrome c has a role in the intrinsic pathway of the process of cell apoptosis.[@CIT0015],[@CIT0016] Cytochrome c is rapidly released after damage from a particular type of cell.[@CIT0008] Increased levels indicated mitochondrial damage, as one of the earliest signs of injury and cell death.[@CIT0017] Thus, before the kidney damage process occurs, it is likely that cytochrome c can already be detected in urine. In other words, an increase in cytochrome c in urine can be used as a reference for taking action in UPJO patients.

Research by Zager found an acute increase in cytochrome c levels in rats that were given ioversol contrast agents that triggered damage to the proximal tubules.[@CIT0006] This acute increase was related to a dysfunction in the mitochondria; thereby cytochrome c could be a biomarker of the "stress" conditions in the mitochondria.[@CIT0018] In addition, this study also found that the condition of acute kidney failure will be marked by an increase in cytochrome c level as an initial marker of the process of cell apoptosis.[@CIT0006]

Another study conducted by Goldstein et al found that cytochrome c level increased within 5 minutes of cell damage. The study also found that in the condition of acute renal failure, damage from glomerulus and tubules would occur and increased the level of cytochrome c due to damage from mitochondria.[@CIT0019]

Caspase is a cysteine protease.[@CIT0017] One of its derivatives is caspase-3 which is considered as one of the markers of the process of cell death or tubular cell apoptosis. Both the intrinsic and extrinsic pathways of the apoptotic process can trigger the activation of caspase-3.[@CIT0020] Cytochrome c that comes out of mitochondrial damage is released through the inflammatory process, which induces activation of caspase-9, which in turn activates the enzyme caspase-3.[@CIT0020] Caspase-3 will be activated in every process of renal cell apoptosis caused by obstructive nephropathy conditions.[@CIT0018] Inhibition of the activity of the caspase will decrease the apoptotic process in tubular cells and glomerular cells in ischemic kidney condition or reperfusion injury to the kidney, thereby preventing inflammation and fibrosis.[@CIT0020],[@CIT0021]

These results are consistent with a study conducted by Vaara (2016) which found that caspase-3 was one of the markers that increased in patients with acute renal impairment, where caspase-3 was increased in the apoptosis process in tubular and glomerular cells.[@CIT0021],[@CIT0022] Increased caspase-3 in damaged glomerulus could be detected through urine and blood tests; both results showed a significant increase in the presence of ischemic kidney.[@CIT0021],[@CIT0022]

Research conducted by Shirazi (2017) found that cytochrome c and caspase-3 could be markers of renal glomerular damage. They found that in infants with UPJO who underwent pyeloplasty surgery, at 6 months after surgery cytochrome c and caspase-3 levels were found to be decreased significantly. The decrease in both indicated that each has a significant correlation as a marker of kidney damage.[@CIT0023]

In this study, we tried to investigate the association between the increase in cytochrome c concentration in urine and renal glomerular damage in rats. We found that there was a decrease in the number of glomeruli accompanied by an increase in cytochrome c on day 4 and day 15, but on day 21 cytochrome c levels began to decrease slightly. UPJO will cause urine obstruction from the kidney which will cause urinary stasis in the kidney. The complications of this condition are damage to the kidney tubules and glomerulus. The existence of cell damage will cause disruption to the mitochondria which will produce cytochrome c as a marker of the process of apoptosis in the glomerular cells. In this study, there was a decrease in the number of glomeruli and an increase in cytochrome c in the UPJO group on day 4 and day 15. On the 21st day the decrease of cytochrome c may have been caused by the small amount of the remaining glomerulus.

In this study, there was a difference in the concentration of caspase-3 between the UPJO group and the control group on days 4, 15, and 21. The caspase-3 concentration was significantly higher since the increase in the concentration of caspase-3 starting from day 4 of examination. Caspase-3 will increase in the apoptosis process, which will certainly occur in the UPJO group. We found that caspase-3 concentration tended to persist after day 15 and day 21, but there were still significant differences compared to the control group.

There was a decrease in the number of glomeruli accompanied by an increase in cytochrome c on days 4 and 15, but on day 21 cytochrome c levels began to decrease slightly. UPJO will cause obstructive urine from the kidney which will cause the condition of urinary stasis in the kidney. Complications of this condition are damage to the kidney tubules and glomerulus. The existence of cell damage will cause interference with the mitochondria which will produce cytochrome c as a marker of the process of apoptosis in glomerular cells. In this study, there was a decrease in the number of glomeruli and an increase in cytochrome c in the artificial UPJO group on days 4 and 15 of the examination. On the 21st day cytochrome c decreased, which may be due to the small amount of glomerulus remaining.

Conclusion {#S0005}
==========

Cytochrome c and caspase-3 concentrations were seen increased significantly in the UPJO group, while there was a decrease in the normal glomerular count. The normal glomerular count decreased as the cytochrome c concentration and caspase-3 concentration increased. However, further research should be done in order to determine the cytochrome c and caspase-3 concentration and the cut-off point concentration in humans with UPJO. Increased caspase-3 and cytochrome c in UPJO condition can be proposed as an early biomarker for establishing the diagnosis and early treatment selection in UPJO.
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[^1]: **Note:** Factorial repeated measured ANOVA.
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